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Creative destruction may be painful, but is also useful, as it fosters innovation and progress by discarding the old and familiar for 
the new and better. In this perspective, economic and financial crisis could be a source of opportunities for both innovators and 
innovation systems. From the private sector point of view, the crisis has had different types of effects. These can affect
innovation performance and investments and based on them the implications for innovation can both be positive and negative. 
Obviously, the crisis greatly affected Greece and examples of its effects include entrepreneurship, firm creation, venture capital
financing and innovation. In this context the paper that follows examines the impact of economic and financial crises on the 
Greek innovation activity, considering patents as proxies of innovation. The paper is structured as follows: The first part 
discusses the existing literature on this field, namely the concept of economic and financial crisis and its features and the role of 
innovation in the crisis environment. The second part deals with patent statistics and its use in economic analysis. The third part 
describes the main points of methodology. Quantitative methodology based on statistical data analysis has been chosen for this
study. The choice of methodology was motivated by data availability from a variety of reliable sources, as well as availability of 
comprehensive statistical and time series analysis that allow assessment of interdependence, and, even, causality between 
economic conditions and patenting activity. The forth part of the paper presents the presents the main econometric results, which
are based on time series, regression and test for Granger causality between economic and patenting data. Last but not least, the 
fifth part further discusses the relationship between economic and patenting data, referring to the limitations of the study and also 
indicating possible future research in this field.
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1. Introduction
The economic crisis that started in 2008 has negatively affected the majority of countries, affecting business 
innovation and research and development (R&D) at national, regional and local level. The size of the effect and the 
impact on business innovation has differed widely across countries, depending on their situation at the eve of the 
crisis and on the policies they subsequently implemented. The crisis revealed the pre-crisis weaknesses of some 
countries (e.g. Greece s), sectors (e.g. the automobile sector) and types of innovations (e.g. financial innovations). 
Future prospects for innovation in these countries and industries will greatly depend on broader economic 
restructuring, which does not place innovation at the top of the immediate policy agenda although innovation will 
have to play a role in driving growth in the future. Many OECD countries (northern Europe, Japan and the United 
States) have recovered somewhat. However, their future innovation performance remains uncertain; it will depend 
on macroeconomic conditions but also on their ability to maintain innovation as a policy priority. In fact there is no 
evidence of a reallocation of resources towards more innovative businesses. While there have been more 
bankruptcies than before the crisis, new business entry has also been significantly depressed. Uncertainties over 
market conditions in the currently unstable global macroeconomic situation have inhibited investment in innovation. 
Innovation may be more important during periods of crisis. Greece is a country that, perhaps, suffered most from 
the international crisis. The economic downturn started immediately after the Olympic Games of 2004. However it 
became more obvious in 2008 and took a formal character in 2009 with the IMF’s involvement, forcing Greece to 
implement a very austere program of fiscal and economic measures. At that time Greece typically was and still is, 
some experts could argue, a bankrupt country. After 4 years of measures which mainly hit people with low and 
medium income, Greek figures show that the demand has been straggled, the unemployment rates still increase, the 
production faces very important difficulties and the economy hasn’t yet started recovering. The development is the 
main issue, but how and under which prerequisites: development based on low-paid working force or development 
based on Greek advantages and relying on innovation. The starting point should be development based on Greek 
advantages and innovation and based on that argument the paper has been structured and results have been 
presented.  
In this context the paper that follows examines the impact of economic and financial crises on the Greek 
innovation activity, considering patents as proxies of innovation. The paper is structured as follows: The first part 
discusses the existing literature on this field, namely the concept of economic and financial crisis and its features 
and the role of innovation in the crisis environment. The second part deals with patent statistics and its use in 
economic analysis. The third part describes the main points of methodology. Quantitative methodology based on 
statistical data analysis has been chosen for this study. The choice of methodology was motivated by data 
availability from a variety of reliable sources, as well as availability of comprehensive statistical and time series 
analysis techniques that allow assessment of interdependence, and, even, causality between economic conditions and 
patenting activity. The forth part of the paper presents the presents the main econometric results, which are based on 
time series, regression and test for Granger causality between economic and patenting data. Last but not least, the 
fifth part further discusses the relationship between economic and patenting data, referring to the limitations of the 
study and also indicating possible future research in this field.  
2. Literature Review 
Creative destruction, a concept first introduced by Joseph Schumpeter, may be painful, but is also useful, as it 
fosters innovation and progress by discarding the old and familiar for the new and better. In this perspective, 
economic and financial crisis could be a source of opportunities for both innovators and innovation systems. From 
the private sector point of view, the crisis have had four types of effects, first a reduction in the demand for products, 
second a reduction in liquidities in the financial system, third a number of increased uncertainties as to future 
developments, and forth impacts due to changes in innovation policy. These can affect innovation performance and 
investments via several mechanisms, such as competition, demand, cash flow, inter-temporal resource allocation 
mechanisms and based on them the implications for innovation can both be positive and negative. With few 
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exceptions, the procyclicality of R&D and innovation has been observed over various business cycles and for a 
variety of countries. The crisis and even more the public debt crisis affected countries differently. In a group of 
countries, it had strong negative impacts on innovation and there has been limited or no recovery. In another group 
of countries, it resulted in a temporary negative shock to innovation but led to a subsequent recovery. Obviously, the 
crisis greatly affected Greece and examples of its effects include entrepreneurship, firm creation, venture capital 
financing and innovation.  
The existing bibliography has proposed several indicators for the description and measurement of innovation. 
The most common among them are the indicators that derive from R&D, patents and new products (Archibugi 
1992). A patent is a document, which contains structured and detail information regarding the hidden invention and 
the probable or future technological innovation. It is accessible to the general public through the dissemination of 
patent documents by a national or international authorized government agency, such as a patent office (Huang et al. 
2003). Each patent document is issued by a patent office and grants the owner a monopoly over the exploitation of a 
precisely defined technological advancement or incremental improvement (e.g. new device, apparatus, or process) 
for a stated period of time, which is usually 20 years. Generally an invention can be eligible for a patent, only if the 
innovation that this invention ‘hides’ is novel, involves a non- obvious inventive step, and could be commercially 
viable (Dernis and Guellec 2001; Dernis and Khan 2004). 
Data derived from patent documents has been extensively used in the measurement of innovation because of its
very important advantages. Among these advantages, is first the fact of the proximity of patents to the inventive and 
innovative activities, the wide range of fields covered by patents and the geographical scope of patents. Second, 
patents are characterized by their easy accessibility, high reliability and precise definition (Ernst 2001; Debackere et 
al. 2002). Third, patent data are accurately recorded and easily elaborated, while they can be used to examine and 
study different levels and kinds of analysis (e.g. technological, sectoral-industrial, national). Forth, patent data are 
rather ‘objective’ indicators, as patent documents are examined and eventually granted by a single national patent 
office, based on specific criteria, while every patent is then classified to sectors, classes and main groups according 
to the same classification system (e.g. International Patent Classification) (OECD 2009).  Finally, in comparison 
with or in contrast to other data sources, patents are often the only timely measure of rapid technological change, 
particularly in the context of global competition and an important tool for assessing the performance of 
technological systems. For example, patents permit the study of technological change since they represent inventive 
activity and output from applied research over different fields, countries, and periods of time (Hullmann and Meyer 
2003).  
However, as every tool of analysis, patent data exhibits also limitations. First, obviously not all inventions 
become patents and not all patents become innovations. Especially for firms this has a dual meaning. Firms use 
patent protection in order to be protected from competitors. However, they may choose to use other ways of 
protection from competition, such as secrecy or very fast introduction to the market. Second, every patent office 
treats patents equally, while they are not and nor do all patents exert the same economic impact and the same 
technological and economic value (Wang 2007; Lee 2009). Third, the propensity to patent differs across countries, 
sectors, firms, fields and technologies and this difference could overestimate or underestimate the results in terms of 
performance (Makinen 2007). Meanwhile this difference is partly due to the level of protection afforded by the 
patent, but also to the possibility of protecting monopoly rights by other means, depending upon market conditions. 
Forth, there are differences in patent regimes across countries and this means that it is difficult to be certain that one 
is comparing ‘like with like’. In fact, it is widely accepted that there are differences among the various patent 
systems, due to variations in legal, geographical, economic, and cultural factors. For instance, some countries could 
require multiple patents for the same innovation which could be covered by a single patent in other countries. 
3. Methodology and data
The data for this study is based on the World Bank Database. More specific data from the World Bank Database 
has been extracted for the following parameters: First patent applications (residents), second exports of goods and 
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services (% of GDP), third high-technology exports (% of manufactured exports), forth population ages 15-64 (% of 
total), fifth labor force (total), sixth GDP per capita (constant 2005, US $) and seventh foreign direct investment (net 
inflows). The period of analysis covers the years from 1988 till 2012. The instrument of time series analysis and the 
Ordinary Least Squares (OLS) method have been used for the results that follow in the next section. 
As the main target of the paper is the relationship between innovation and crisis through analyzing of its Impact 
on the Geek patenting activity, the following variables are used:
x LPAT = natural logarithm of patent applications residents, which is the dependent variable in our estimations,
x LEXP = natural logarithm of Exports of goods and services (% of GDP),
x LHT = natural logarithm of High-technology exports (% of manufactured exports),
x LPOP = natural logarithm of Population ages 15-64 (% of total),
x LLABF = natural logarithm of Labor force, total,
x LGDP = natural logarithm of GDP per capita (constant 2005, US $),
x LFDI = natural logarithm of Foreign direct investment, net inflows.
The analysis is based on a main theoretical assumption: A financial and economic crisis hits the overall 
performance of a country. National performance can be described by many parameters and variables and by income 
per capita first of all. Therefore the loss of income, or otherwise said the decrease of income, should be hit by the
crisis as a first step. As a second step innovation activities are also expected to decrease because of lost income and 
the fact that unfavorable economic conditions negatively affect the overall business environment and the current and 
future entrepreneurial aspirations. As a third step, other parameters are also expected to cause negative results in the 
national economy and to be negatively affected by crisis, such as the flow of foreign direct investment (both inflows 
and outflows) and the exports of goods and services. 
In this context the analysis starts by examining the determinants of patent applications in the case of Greece for 
the period 1988-2012, defining as determinants the parameters- variables of GDP per capita, exports of goods and 
services, high-technology exports, labor force and foreign direct investment. Two dummy variables have been also 
included in the estimations in order to capture changes related to political, social and economic conditions, the first 
trying to explain beliefs of the governing political party and the second aims at interpreting the effects of crisis. The 
results of the statistical analysis are presented in the next section. 
4. Results
Table 1 provides the empirical findings of the model of four equations. In the first estimation (1), the variable of 
population has a negative sign, while total employment has a positive effect on patent applications. Both variables 
are statistically significant at any significance level of our study. The coefficients of remaining variables are 
statistically insignificant. The results from diagnostic tests show strong specification error of this regression.
The second estimation (2) shows that the high-technology exports (% of manufactured products) have negative 
and statistically significant effect at the 5% level on applications for patents. In contrast, the labor force and GDP 
per capita have positive and statistically significant effect on the dependent variable, the first to have a stronger 
effect in relation to income per capita. The results of diagnostic tests indicate absence of autocorrelation, 
heteroskedasticity and ARCH effect in the residuals of this regression and the Ramsey’s reset test of functional 
misspecification does not provide error. The explanatory power of the second estimated regression as expressed by 
the R2-adj is quite high.
The third estimation (3) includes exports of goods and services and foreign direct investment, which present 
insignificant effect on Greek patenting activity. The results from diagnostic tests show strong specification error of 
this regression, as in the first one.
The fourth estimation (4) includes high-tech exports (% of industrial products), population, GDP per capita and 
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foreign direct investment. The empirical findings indicate positive and statistically significant effect of high-tech 
exports and income per capita. In contrast, the variable of population has a negative effect on the dependent and 
statistically significant at 5% level. Foreign direct investment does not appear to affect the patent applications. The 
predictability of the fourth estimation is sufficiently high as the value of R2-adj is 89%. There is absence of 
autocorrelation and heteroskedasticity at the 5% level but there is specification error at 5% level of significance. 
The preliminary empirical findings indicate that both first and third regression present strong specification error. 
The second regression is highly predictable and covers all diagnostics. However, concerns are created about the 
negative sign of the coefficient of high-tech exports, as there was an expectation of positive impact on patenting 
activity, in the hypothesis of the model. The fourth estimation provides positive and significant effect of GDP per 
capita and high-tech exports on patent applications and lack of specification error at 10% level. It is worth noting 
that the exports of products and services and foreign direct investment do not seem to affect applications for patents.
Figure 1 presents the structural changes of the second estimation. Specifically, the first chart shows the results of 
recursive residuals, the second one presents the results of CUSUM test and the third chart of Figure 1 shows the 
CUSUM of Squares test. 
Table 1. Results from four equations
Dependent Variable: LPAT
(1) (2) (3) (4)
C -10,47 (-0,34) -96,89 (-4,09) -34,86 (-2,30)*** 37,20 (1,60)**
LEXP -0,008 (-0,03) - 0,18 (0,63) -
LHT -0,18 (-1,37) -0,39 (-2,62) -** 0,18 (2,00) *
LPOP -15,40 (-3,01) -*** - -11,26 (-2,32) **
LLABF 5,17 (3,74) 6,18 (3,41)*** 1,61 (1,33)*** -
LGDP 0,20 (0,45) 0,88 (1,82) 1,53 (3,10)* 1,58 (3,82)*** ***
LFDI - -0,01 (-0,39) 0,01 (0,30) 0,005 (0,16)
R 0,952 0,92 0,89 0,91
R2 0,94-adj 0,90 0,86 0,89
F 67,32 49,45 34,27 48,02
P-value 0,00 0,00 0,00 0,00
DW 1,20 1,02 0,70 1,01
p-value p-value p-value p-value
Breusch-Godfrey 0,11 0,11 0,04 0,06
Harvey 0,79 0,21 0,96 0,07
ARCH Test 0,55 0,29 0,71 0,67
Jarque-Bera 0,99 0,83 0,85 0,76
Reset Ramsey 0,00 0,54 0,007 0,03
The t-ratios are given in parenthesis. *** significant at 1%; ** significant at 5%; * significant at 10%. 
The results show that there is evidence of structural changes in the period of the study, as the residuals go beyond 
the limit 2 for the year 2008 (chart a). The values of statistical CUSUM and CUSUM of squares surpass the 
boundaries of the confidence zone near the year 2008, in the charts b and c.
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Figure 2 presents the structural changes of the fourth estimation. The empirical results of these charts also indicate 
that there are structural changes in the model. The second and the fourth estimation show high predictive power. 
However, questions are raised regarding the behavior of applications for patents at the end of the previous decade. 
Factors that may affect the innovation activity in Greece should be explored and studied further in this paper.
Fig. 1. Structural changes of second equation
(a)
(b)
(c)
In our empirical results of these two estimations, two important aspects were introduced. We integrate the 
influence of political factors and exogenous shocks on patent applications with the using of two dummy variables. In 
the literature, dummy variables are used in order to capture, to the extent possible, various phases of the global 
economy (e.g. economic crises, political developments, exogenous shocks). In this study, the political colour 
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variable (PC), the first dummy, captures the effects of the incumbent party on patent applications. The political 
colour dummy (PC) of the incumbent parties consists of a scale from one to five. It takes the value of 1 when the 
government is right-wing; 2 when the government is centre-right; 3 when the government belongs to the centre; 4 
when the government is centre-left and 5 when the government is left-wing. This scale is, of course, purely 
figurative. In other words, what we are trying to examine here with the inclusion of this dummy is whether 
institutions affected applications for patents. The originality of this dummy variable presents a basic restriction 
about the sign of the coefficient. The economic crisis variable (Crisis), the second dummy, was introduced to 
capture the effects of the fiscal crisis in Greece on applications for patents. The binary variable takes the value 0 for 
the years before 2008 and the value 1 for the last five years of our study.
Table 2 provides the empirical findings of estimations 2 and 4 by adding the two dummy variables. The previous 
results reported earlier showed that the coefficients of exports of goods and services and foreign direct investment 
are not statistically significant and they do not enter the new estimations. Estimations 5 and 7 show strong 
specification error at any level of statistical significance. In these considerations, the dummy of political colour of 
governments do not seem to affect patent applications in Greece. The factor enters estimations with positive but not 
statistically significant sign. Estimation 6 has high predictive power considering the value of R2-adj. The 
coefficients of both GDP per capita and total employment and the economic crisis enter the estimation with positive 
and statistically significant sign. In contrast, the coefficient of high-tech exports is negative and statistically 
significant at the 10% level. However, the residuals of this regression present autocorrelation, according to the 
criterion Breusch-Godfrey at 5% level and heteroscedasticity at 1% level in accordance with the test of Harvey. The 
estimators of this regression are unbiased and consistent but not efficient.
Fig.2. Structural changes of fourth equation
(d)
(e)
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(f)
The results of the eighth estimation show that the coefficient of high-tech exports is positive and statistically 
significant at 5% level. The variable of income (LGDP) has a positive sign and strong impact on applications for 
patents. The coefficient of dummy variable of economic crisis is positive and statistically significant at any level. 
Diagnostic tests indicate lack of autocorrelation, heteroskedasticity, ARCH effects and specification error in this 
regression. There is evidence that the economic crisis constituted the "opportunity" for innovative actions in Greece. 
The unfavourable economic environment of the country probably led many people to innovation activities.
Table 2. Results from new four equations
Dependent Variable: LPAT
(5) (6) (7) (8)
C -68,69 (-3,90) -68,89 (-3,94)*** 11,06 (0,55)*** 11,29 (0,56)
LEXP - - - -
LHT -0,26 (-2,20) -0,22 (-2,04)** 0,11 (1,42)* 0,14 (2,09) **
LPOP - - -5,25 (-1,22) -4,86 (-1,13)
LLABF 4,21 (3,17) 4,35 (3,32)*** -*** -
LGDP 1,02 (2,52) 0,83 (2,45)** 1,68 (4,78)** 1,49 (4,83)*** ***
LFDI - - - -
PC 0,02 (0,87) - 0,03 (1,10) -
Crisis 0,24 (3,54) 0,26 (3,99)*** 0,24 (2,73)*** 0,27 (3,17)** ***
R 0,962 0,96 0,94 0,94
R2 0,94-adj 0,94 0,93 0,93
F 78,13 98,83 65,75 80,96
P-value 0,00 0,00 0,00 0,00
DW 1,30 1,53 1,63 1,86
p-value p-value p-value p-value
Breusch-Godfrey 0,03 0,04 0,61 0,68
Harvey 0,66 0,84 0,52 0,92
ARCH Test 0,09 0,07 0,15 0,18
Jarque- Bera 0,59 0,54 0,51 0,67
Reset Ramsey 0,002 0,40 0,007 0,15
The t-ratios are given in parenthesis. *** significant at 1%; ** significant at 5%; * significant at 10%. 
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5. Conclusion
The collapse of Lehman Brothers in September 2008 led to a major global economic crisis of a magnitude that had 
not been seen for at least half a century: world gross domestic production and industrial production retracted, trade 
collapsed sharply, and unemployment increased in many of the world’s major economies. A moderate short-lived 
recovery began by the end of 2009 and continued with some notable exceptions in 2010 and 2011. Market 
speculation regarding the sustainability of sovereign debt and the challenges of negotiating fiscal consolidation 
lowered expectations for a rapid, fully fledged recovery of the world economy. Some countries are now on a much 
more favorable trajectory. Because of the substantial impact on the output of the world’s major economies, on 
global financial institutions, and on public finances (which provide key support to innovation systems), the business 
cycle downturn has negatively affected innovation performance. The crisis has negatively affected business 
innovation and R&D activities in all countries. The size of the effect and the impact on business innovation has 
differed widely across countries, depending on their situation at the eve of the crisis and on the policies they 
subsequently implemented.
This paper examined the determinants of patent applications in the case of Greece for the period 1988-2012 with 
a special interest in the case of financial and economic crisis. National income is the first and, perhaps, most 
important parameter hit by any crisis. This is the main reason why this analysis started by considering the 
relationship between income and patents. Foreign direct investment and exports of goods and services are also 
considered to be important and hit by the crisis. Therefore, if income positively contributes to patents then any loss 
of income, especially income lost by the effects of financial and economic crisis, will affect patents (their growth 
and stock) in a negative way. The preliminary results suggest that the income per capita has positively contributed to 
the increase of patent applications. However, it is interesting to note that the other parameters and variables, namely 
those of the foreign direct investment and exports of goods and services do not seem to affect the number and the 
growth of the applications for patents. Proceeding to a sequence of estimations, the analysis has also found that there 
are structural changes in the period of this study, particularly at the end of the previous decade. For this reason, two 
dummy variables have been also included in the estimations in order to capture these changes. The first dummy 
variable is related to the beliefs of the governing political party, while the other is the variable of crisis. Both dummy 
variables enter the estimations, with the first being characterized by a positive but insignificant coefficient and the 
second with a positive and significant coefficient. The latter result indicates that the innovation activities, being 
measured by patent indicators, have increased during the ages of crisis, in which the general economic environment 
has been very unfavourable in Greece. To sum up, the preliminary empirical estimates reveal that the income per 
capita has been by no means the sole contributor to the growth and stock of the applications for patents. There is 
evidence that the high-technology exports have also been an important factor on the Greek patenting activity. On the 
contrary, the financial and economic crisis doesn’t seem to affect innovation, at least for the considered period of 
analysis. However, it should be pointed out that the results reported in this paper give preliminary insight into the 
impact of the crisis on the innovation activities. In conclusion, the usefulness of such variables, as the ones used in 
this study, should be further tested and evaluated by more empirical work.
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